Corrections
Correction. In the article "Induction of ornithine decarboxylase activity by insulin and growth factors is mediated by amino acids" by Clifford A. Rinehart, Jr., and Evangelos S. Canellakis, which appeared in number 13, July 1985, ofProc. Natl. Acad. Sci. USA (82, 4365-4368), the following error should be noted. In the last line of the legend to Fig. 5 on p. 4367, the symbols should be reversed; the last line should read "o, Asparagine alone; e, asparagine with insulin."
Correction. In the article "DNA polymorphic loci mapped to human chromosomes 3, 5, 9, 11, 17, 18, and 22" by S. L. Naylor, A. Y. Sakaguchi, D. Barker, R. White, and T. B. Shows, which appeared in number 8, April 1984, of Proc. Natl. Acad. Sci. USA (81, 2447-2451), the authors request the following changes be noted. Table 2 erroneously indicated that the REX-12 hybrid contained the X/22 translocation chromosome. This cell hybrid actually contains the 22/X translocation chromosome (22pter-*22ql3: Xq22--Xqter). The REX-12 hybrid is positive for sequences detected by the probe pMS3-18, which places pMS3-18 in the pter-.ql3 region of chromosome 22. Also, in Table 3 , the regional location of p12-32 is incorrectly listed as 3q21-+qter. p12-32 (gene symbol D3S2) is located in the p21-q21 region of chromosome 3 as the data indicate.
Proc. Natl. Acad. Sci. USA 82 (1985) Correction. In the article "High-affinity-receptor-mediated uptake and degradation of glucose-modified proteins: A potential mechanism for the removal of senescent macromolecules" by Helen Vlassara, Michael Brownlee, and Anthony Cerami, which appeared in number 17, September 1985, of Proc. Natl. Acad. Sci. USA (82, 5588-5592), the authors wish that the following correction be noted. In both the abstract (line 16) and the second line from the bottom of the second column of text on p. 5590, the value of the affinity constant should be 1.75 x 107 M-1.
Correction. In the article "Accurate transcription of cloned Neurospora RNA polymerase II-dependent genes in vitro by homologous soluble extracts" by Brett M. Tyler and Norman H. Giles, which appeared in number 16, August 1985, of Proc. Natl. Acad. Sci. USA (82, 5450-5454), the authors request that the following correction be noted. On p. 5450, in the right-hand column, line 8 of text from the bottom of the page, the dialysis buffer was incorrectly described as containing 10 (1) and insulin (2) . The DNA polymorphisms of the human ,fglobin locus have been used in the prenatal diagnosis of sickle cell anemia (3) (4) (5) .
In addition to those DNA polymorphisms detected by cloned genes, a far larger reservoir of polymorphisms are those detected by undefined cloned fragments of DNA isolated from DNA libraries. These sequences are selected from gene libraries because they detect single-copy sequences in human DNA and therefore represent unique loci. Large numbers of DNA probes can be isolated in this manner and used to detect DNA polymorphisms useful in linkage studies. Botstein et al. (6) proposed that a battery of polymorphic sites, scattered over the genome at 20-centimorgan intervals, would allow linkage of these markers to other inherited traits. This approach is especially valuable for linkage studies of diseases whose biochemical etiology is unknown. A number of polymorphic loci detected by undefined DNA segments have been reported (6) (7) (8) (9) in addition to DNA polymorphisms detected by cloned genes (9, 10) .
In this study, we describe the chromosomal locations of seven DNA polymorphic sites isolated and characterized previously by Barker et al. (11) . Establishing the chromosomal location of these polymorphic DNA sites is an important corollary to linkage studies since the gene assignments will direct geneticists to those sites that show promise of linkage to a given disease. Chromosomal Content of Hybrid Cells. The human chromosome content of hybrid cells was determined by assaying for marker enzymes that have been assigned to the 22 autosomes and the X chromosome (8) . A complete listing of the markers used and their chromosomal assignments is given in ref. 9 . Several hybrid lines were karyotyped to yield a direct identification of their human chromosomes by Giemsa/trypsin banding (13) .
MATERIALS AND METHODS
Regional Localization of DNA Polymorphisms. The regional localization of the polymorphic loci to subchromosomal areas was determined with hybrids made from human cells containing translocations of specific chromosomes. The TSL and XTR hybrid series divide chromosome 3 into three parts by the segregation of 3;17 and X;3 translocation chromosomes, respectively (14) . The 5;X translocation in the ATR hybrids was used in the regional mapping of chromosome 5 (15) . Chromosomes 9 and 17 were each subdivided into two parts in NSL hybrids, which segregate 9;17 translocation chromosomes (16) . Two sets of hybrids, XER and EXR, were used to subchromosomally map chromosome 11. Both hybrid sets segregated X;11 translocations, although the breakpoints were different for each set (17) . REX hybrids, segregating an X;22 translocation, were used in the regional mapping of chromosome 22 (18) .
Plasmid Clones. The probes revealing the polymorphic loci were human genomic fragments cloned in various plasmids.
Members of the p12 series are derivatives of pACYC184 containing genomic Sau3A fragments, all of which had inserts of greater than 250 base pairs (bp) (11) . pADJ-762 is a 5-kbp fragment cloned in pBR325 (unpublished observations), and pMS3-18 is a 0.6-kbp EcoRI/HindIII fragment in pBR322 (11) . All clones were free of repeated sequences and hybridized to Southern blots of digested human DNA as expected for unique sequences.
DNA Isolation and Southern Blot Analysis. DNA was isolated from hybrid cells, fibroblasts, and leukocytes as deAbbreviation: bp, base pair(s).
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Proc. Natl. Acad. Sci (19) . Ten micrograms of DNA was digested with 4 units of restriction endonuclease per kg for 3 hr at 370C (or 650C for Taq I), using the buffer conditions suggested by the supplier. The resulting fragments were separated on 0.8% agarose gels, and after electrophoresis the DNA was transferred to nitrocellulose by the method of Southern (20) . Plasmids labeled by nick-translation (21) were hybridized to the DNA on the filters by the method of Wahl et al. (22) . After hybridization the blots were washed as described (12) . Blots were exposed to Kodak XAR x-ray film, using DuPont Cronex Lightning Plus intensifying screens for 1-7 days at -700C.
RESULTS
Detection of Cloned Sequences in Genomic DNA. Sequences homologous to the DNA fragments were detected in Southern filter analysis of DNA digested with specific restriction endonucleases. Six of the seven probes used detected homologous sequences only in human DNA; no hybridizing bands were found in mouse DNA. Consequently, depending on the chromosome content of the cell hybrid, its DNA either had the human band or did not hybridize (Fig.  1) . The probe pADJ-762 showed weak hybridization to mouse DNA under the conditions used. However, the human DNA EcoRI fragment homologous to pADJ-762 could easily be discerned from the mouse fragment by the difference in size.
Chromosomal Mapping of DNA Sequences. Human-mouse somatic cell hybrids were characterized for their human chromosome content by analysis of marker enzymes assigned to each human chromosome (Table 1) or by direct karyotyping (Table 2) . By correlating the chromosome composition of cell hybrids with the presence or absence of sequences hybridizing to the DNA probes, we mapped each probe to a specific human chromosome. Table 1 summarizes the data assigning the DNA segments to specific chromosomes. For each probe, at least 17 hybrids characterized for markers previously assigned to each autosome and the X chromosome were assayed. The human sequence hybridizing to a specific probe was detected in the hybrid only if a particular enzyme marker(s) was present. Conversely, when the chromosome marker was absent from a cell hybrid, its DNA did not hybridize with the probe. For example, in the 22 hybrids tested with the probe p12-2, the 7.7-kbp BamHI fragment was present in the hybrids only when the chromosome 17 marker galactokinase (GALK) was present. No discordant hybrids were seen. Likewise, there were no hybrids that contradicted the assignment of probes to chromosomes 3(p12-32), 11(pADJ-762), and 18(pl2-62). Two discordant cell hybrids were observed for both p12-65 and pMS3-18 in the enzyme-characterized hybrids. In both cases weak hybridization to the probes p12-65 and pMS3-18 was detected by Southern blot analysis but the marker enzymes, hexosaminidase B and aconitase (mitochondrial form), respectively, were not detected. Both isozyme detection systems are relatively insensitive, and a hybrid containing a low percentage (-10-20%) of the human chromosomes encoding these genes would not produce observable amounts of these human enzymes, although a weak signal would be produced by Southern hybridization. The cell hybrid listed as an apparent discordancy was noted for the marker enzyme adenylate kinase 1 (AK1), that is, the cell hybrid contained p12-8 sequences but not AK1. This cell hybrid was examined for aconitase (soluble form) and found to be positive, thus indicating that a portion of chromosome 9 is present, including short arm sequences. In each instance for which a probe was polymorphisms were found as follows: p12-2, Msp I; p12-8, Taq I Cultures of hybrid cells were split into an aliquot for karyotyping and one for the isolation of DNA. The karyotyped cells were banded and the human chromosome content was identified (13 b5/X, 5pter--*5q35::Xq22--+Xqter.
C17/9, 17qter--*17qll: :9pll-*.9pter. bThe data from which the regional assignment was deduced are given in Table 2 .
cThe frequency was determined from at least 20 unrelated Caucasian individuals (11) .
dThe segregation of the alleles was followed in small nuclear families for all but one allele (11). mosome 9, did not hybridize with p12-8, indicating that this sequence is on the short arm of chromosome 9. The probe p12-32 was localized to the end of the long arm of chromosome 3 by the hybrid XTR-3BSAgB, which has the q21-*qter region of chromosome 3 and whose DNA was reactive with p12-32. The sequence detected by pADJ-762 appears to be on the short arm of chromosome 11 since DNA from XER-7, XER-9, and EXR-5CSAz, all of which contain only the long arm of chromosome 11, did not hybridize with the probe. DNA from REX-12 having the pter-*ql3 region of chromosome 22 hybridized to pMS3-18, placing this polymorphic locus in this region. DNA Polymorphisms. Each of these restriction site polymorphisms have been described in detail by Barker et al. (11) . A brief summary of the characteristics they found for each polymorphic locus is given in Table 3 . Digests of additional human DNA samples with the appropriate restriction enzyme generated the examples shown in Fig. 1 (23, 24) .
Consequently, a gene map of DNA polymorphic loci located at 20-centimorgan intervals over the human genome is being constructed by the cooperative efforts of a number of laboratories. The chromosomal locations of these markers are being determined by cell hybrids and in situ hybridization to ensure the even distribution of these markers over the genome. The single-copy clones described here were mapped by using restriction enzyme analysis of cell hybrid DNA.
Seven polymorphic loci were mapped to human chromosomes 3, 5, 9, 11, 17, 18, and 22. No other polymorphic loci have been described for chromosomes 5, 17, and 22. The polymorphic alleles on these chromosomes detected by p12-65, p12-2, and pMS3-18 occur at frequencies useful for linkage studies. For example, the probe p12-62 detects a DNA polymorphic locus in human chromosome 18. An infrequent variation in peptidase A is the only polymorphism described for this chromosome (25) . For this and other chromosomes with established markers, family studies can be done with the DNA polymorphisms to produce a genetic linkage map. In the region of the sequences detected by the probe p12-8 on chromosome 9, there are two polymorphic loci: adenylate kinase 3 and aconitase 1. Perhaps the probe that is immediately applicable to linkage studies is pADJ-762. This probe detects a polymorphism in the short arm of chromosome 11. Polymorphic markers in this region of chromosome 11 include 8-globin (1, 10, 26) , insulin (2, 27) , and parathyroid hormone (12, 28) .
When a sufficiently large bank of polymorphic markers is isolated and characterized, the utility and diagnostic potential of DNA polymorphisms in linkage studies will be more fully realized. Even now, a rudimentary collection of polymorphic markers, both DNA and protein (9) , has been applied in a large testing panel for gene linkage. The success in using this small number of polymorphisms in linking several traits (10, 29, 30) heralds an even greater probability of establishing linkage of a member of a larger polymorphism bank to a disease locus. The establishment of linkage between the disease locus and a polymorphic locus may pro-vide information useful for genetic counseling and prenatal diagnosis and will serve to focus further efforts towards improving these services through the identification of additional polymorphic loci in the region of interest. In some instances, a DNA probe detecting sequences in genetic proximity to a mutant gene locus may provide a tool to aid identification of the molecular defect.
